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Higher order digital transnrtission system Including a multiplexer and a demultiplexer. 



& Higher order digital transmission system including a 
multiplexer having N parallel inputs to which tributary input 
signal streams are applied, and a demultiplexer having N 
parallel outputs from which the tributary signal streams are 
taken. The signal processing operations, such as scram- 
bling, justifying, line coding, error monitoring and word syn- 
chronization are effected before the multiplexer and after 
the demultiplexer. 
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Higher order digital transmission system including a multi- 
plexer and a demultiplexer. 



The invention relates to a higher order digital 
transmission system including a digital multiplexer having 
N parallel inputs, and a digital demultiplexer having N 
parallel outputs for transmitting N mutually synchronized 
5 digital signal streams through a common digital path be- 
tween said multiplexer and demultiplexer, where N ^ 2 and 
the multiplexer being arranged for cyclically and symbol- 
^_ ■ ^ sequential interleaving the N digital signal streams to 

form a composite digital signal stream, the transmission 
10 system further including at least a block coding arrange- 
ment and a block decoding arrangement. 

In a digital multiplexer, N incoming signal 
streams (tributaries) are combined to form one outgoing 
signal stream, whilst the opposite operation occurs in the 
15 demultiplexer. Multiplexing the incoming signal streams is 
effected by means of interleaving, which implies that a bit 
from a binary signal stream 1 is followed by a bit from a 
binary signal stream 2 etc. The resultant outgoing signal 
stream has a digital rate which is higher than or equal to 
. 2^ ^ times the digital rate of the N incoming signal streams. 

' This is caused by the fact that the outgoing signal stream 

requires its own frame word and a few service bits, which 
are added to the outgoing signal stream. Provisions are 
also taken to compensate for frequency differences between 
25 the tributary signal streams and the multiplex clock. This 
is necessary since each of the tributary signals has its 
I own free-running clock frequency. To this end, idle bits 

i are injected into the multiplex signal, together with 

; control bits, which indicate the status of the idle bits. 

30 This process is called positive justification and in 

general is the simplest manner of multiplexing . pleis iochro- 
nous siqnal streams. 
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When digital signals are conveyed over long dis- 
tances it is customary to use a form of encoding in the 
transmitter portion and a form of decoding in the receiver 
portion of the transmission system, such that the digital 

5 signal is adapted to the digital path. This digital path 
may, for example, be constituted by symmetrical or coaxial 
cables, optical fibres or the air. One of the objects 
usually is the suppression of the direct current component, 
which permits of the use of alternating current couplings 

10 in the transmission system, and direct current supply of 
the regenerators from the transmission system via the 
transmission cable being possible. Another object often is 
to increase the pulse density of the digital signal to be 
conveyed, or to ensure a minimum pulse density such that 

15 recovering a clock signal, required in regenerative 
circuits, is possible. 

In a blocking coding arrangement use is made of 
what are commonly referred to as code translation Tables, 
such as the Tables described in, for example. Philips 

20 Telecommunication Review, vol. 34, no. 2, June 1976, pages 
72-86. A series/parallel converter which divides the bit 
stream applied to its input in consecutive blocks of a 
predetermined number of bits n is provided at the input of 
the encoding arrangement. A block of n bits is thereafter 

25 converted with the aid of the translation code matrix into 
a new block of m symbols in accordance with a specific 
instruction. Blocks of m symbols are reconverted at the 
output of the encoding arrangement with the aid of a paral- 
lel/series converter into a. bit stream which is conveyed 

30 to the receiver portion of the digital transmission system 
via the digital path (cable, optical fibre). In the recei- 
ver portion of the system, the bit stream applied there is 
subjected to a reverse process with the aid of the decoding 
arrangement. Examples of an encoding arrangement and a de- 

35 coding arrangement are described in, for example. 

Proceedings 17th International Scientific Congress on 
Electronics, Rome, 16-18 March 1970, pages 275-283. 
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A higher order digital multiplex system of the 
above-defined type is disclosed in, for example, C.C.I.T.T. 
Recommendation G922. In this disclosure the frame struc- 
ture of a multiplex system having 4 tributary signal 
streams of 140 Mbit/s each is described. A frame has a 
length of 2688 bits and comprises: a 12-bit frame synchro- 
nizing word; 4 service bits; 4 5-bit justification control 
words, one for each tributary signal stream; 4 justifiable 
bits, one for each tributary signal stream and 264 8 time 
slots for the information from the four tributary signal 
streams. The block encoding arrangement is arranged 
subsequent to the multiplexer and the block encoding 
arrangement precedes the demultiplexer. This results in it 
being necessary that both the block encoding arrangement 
and the block decoding arrangement must be operated at the 
full line rate. When this line rate increases to above 
565 Mbit/s, realizing the encoding and decoding arrange- 
ments becomes problematical, as low-dissipation digital 
modules are required. In the present state of the art of the 
industrial integration processes it is not possible to 
realize these modules, or it is very difficult to do so. 
Consequently, it is very difficult to apply in a . higher 
order digital transmission system the same design philoso- 
phies customary for a lower order digital transmission 
system. 

The invention has for its object to provide a 
novel concept of a higher order digital transmission system 
of the type defined in the preamble, which solves the above- 
mentioned problems. 

The invention is characterized, in that each of 
the N digital signal streams is applied to one of the N 
parallel inputs of the multiplexer via a block encoding 
arrangement, that the N digital signal streams are entered 
synchronously under the control of a common clock signal 
into the N block encoding arrangements and, in the 
respective block encoding arrangements, are provided with 
a word synchronizing characteristic, that the parallel 
outputs of the demultiplexer are each connected to the 
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input of a block decoding arrangement, that the signals 
applied to the parallel outputs of the demultiplexer are 
entered into the respective block decoding arrangements 
under the control of the clock signal recovered from the 
composite digital signal, that the outpu'ts of the block 
decoding arrangements are each connected to a signal output 
of the transmission system, that in a phase comparator arrange- 
ment the word synchronizing char acter istics . of the block 
decoding arrangements are compared with each other, where- 
after as a function of the phase differences measured be- 
tween said word synchronizing characteristics the phase of 
the read clock is controlled such that thereafter the block 
decoding arrangements display the word synchronizing charac- ^ 
teristics with the mutual phase differences produced at the 
transmitter end. 

The invention will now be described in greater 
detail by way of example with reference to the accompanying 
drawing. 

Figure 1 shows a higher order digital transmission. 

system according to the inventions- 
Figure 2 shows a time-sequence diagram of the 

multiplexer ; 

Figure 3 shows time-sequence diagrams of the four 

possible phase positions of the demultiplexers- 
Figure 4 shows a time-sequence diagram of the 

symbols occurring at the output of the demultiplexer. 

Figure 5 shows an embodiment of- a block decoding 

arrangement . 

In the higher order digital transmission system 
shown in Figure 1 , I is the transmitter portion of the 
system and II the receiver portion of the system. The 
transmitter portion I comprises the block encoding 
arrangements 1 , 2, 3 and 4, the multiplexer 6 , the divider 
5 and the multipliers 7 and 9. The receiver portion II 
comprises the block decoding arrangements 12, 13, 14 and 15, 
the demultiplexer 11, the phase comparator 16, the divider 
19 and the clock regenerator 17. The N mutually synchro- < 
nized digital signal streams A, B, C and D are applied to 
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the signal input of one of the respective block encoding 
arrangements 1 to 4 . In the embodiment shown N=4 . The write 
clock inputs of the block encoding arrangements 1 to 4 are 
together connected to the clock input 8 of the transmitter 
portion I of the transmission system via the line 70, The 
clock input 8 is connected via a divide-by-5-divider and the 
line 71 to the clock inputs of the block encoding arrange- 
ments 1 to 4 , which from the four digital signal streams 
A to D form 5-bit blocks, and also to the input of a multi- 
ply-by-6 multiplier 9. The output of the multiply-by-6 
multiplier 9 is connected via the line 72 to the write 
clock inputs of the multiplexer 6 and also* via a multiply- 
by-4 multiplier to the read clock outputs of the multi- 
plexer 6. Each of the signal outputs 60 to 63 of the block 
encoding arrangements is connected to a signal input of the 
multiplexer 6. The signal output 65 of the multiplexer 6 is 
connected via a digital path 1 0 to the input 66 of the 
receiver portion II of the transmission system. The input 66 
is connected to the signal input of the demultiplexer 11 
and also to the input of the clock regenerator 17. The out- 
put of the clock regenerator 17 is connected to the clock 
input of the demultiplexer 11 and also to the input of a 
divide-by-4 divider 19, The output of the divider 19 is 
connected to the write clock inputs of the block decoding 
arrangements 12 to 15. The original digital signal streams 
A to D are again available at the outputs 44 to 47 of the 
block decoding arrangements 12. The outputs 4 0 to 43 of 
the block decoding arrangements 12 to 15 are each connected 
to an input of the phase comparator 16. 

Let it be assumed that the four incoming digital 
signals A to D are binary signals having a symbol rate 
(= bit rate) of 140 Mb/s. These digital streams are entered 
synchronously into the 5B/6B block encoding arrangements 
1 to 4 with the aid of the 140 MHz clock signal present on 
the line 70. In the 5B/6B block encoding arrangements the 
140 Mbit/s signal streams are divided by means of the 28 
MHz clock signal present on the line 71 into blocks each 
having a length of 5 symbols. The 5-bit blocks are there- 
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after translated in the block encoding arrangements into 
blocks of 6 symbols. The block decoding arrangements 1 to 
4 produce at their respective outputs 60 to 63 digital sig- 
nal streams of each 6/5 x 140 = 168 Mbaud. The four digital 

5 signal streams supplied from the outputs 60 to 63 of the 

block encoding arrangements 1 to 4 are entered in parallel 
into the multiplexer 6 with the aid of the clock signal 
produced by the multiplier 9 and having a frequency of " 
6 X 28 = 168 MHz. Using the clock signal present at the 

10 output of the multiplier 7, which signal has a digital rate 
of 4 X 168 = 672 MHz, the digital content of the multi- 
plexer 6 is read serially. ^ 

In the four parallel 5B/6B block encoding arrange- 
ments, the 6B words are each provided with a word synchro- 

15 nizing characteristic. Since the four parallel 5B/6B block 
encoding arrangements 1 to 4 are controlled by the same 
28 MHz clock signal and the block encoding arrangements 
1 to 4 are identical, the 6B words will appear with the 
same phases at the outputs 6 0 to 6 3 of the block encoding 

20 arrangements. This is shown schematically in the time- 
sequence diagram of Figure 2. The word synchronizing cha- 
racteristics K(1) ... K(4) shown symbolically by means of 
upright lines arrive at the same instant at the outputs 60 
... 63 of the block encoding arrangements. Consequently, the ^ 

25 mutual difference between the synchronizing characteris- 
tics is equal to 0 degrees. With the aid of the 672 MHz 
clock signal present at the output of the multiplier 7 al- 
ways 4 bits are arranged one after the other with the same 
indices. A composite digital signal of the shape shown in 

30 the time-sequence diagram of Figure 2 appears at the out- 
put 65 of the multiplexer 6. 

The composite digital signal is applied to the 
input 66 of the receiver sections II of the digital trans- 
mission system via the digital path 10. Using the clock 
35 regenerator 17, the clock signal which is used for further 
signal processing in the receiver portion II of the trans- 
mission system is recovered from the composite digital 
signal. The recovered 672 MHz clock signal is applied to 
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the clock input of the multiplexer 11 and via a divider 19 

i 

to the clock inputs of the block decoding arrangements 12 

to 15. In the demultiplexer 11 four symbols are inserted 

with the aid of the 672 MHz clock signal, which symbols 

5 are thereafter entered in parallel, with the aid of a clock 
signal having a frequency of 1/4 x 672 = 168 MHz, into the 
four parallel . block decoding arrangements 12 to 15. There- 
after, using the 672 MHz clock signal four new symbols 
are inserted, which symbols are thereafter entered in paral- 

10 lei with the aid of the 168 MHz clock signal into the four 
parallel block decoding arrangements 12 to 15, etc. The 
four possible phase positions of the decoder write clock 
) (168 MHz) relative to the shift clock (672 MHz) and the di- 

gital signal streams produced at the four parallel outputs 

15 of the demultiplexer are shown relative to each other in the 
time-sequence diagrams of Figure 3. In the time-sequence 
diagram of Figure 3a, the four word synchronizing charac- 
teristics K(1) ... K(4), and also the synchronizing cha- 
racteristics K(10) ... K(40) are mutually in-phase. This 

20 implies that the demultiplexer 1 1 and demultiplexer 6 are 
in synchronism with each other. The respective digital in- 
put signal streams A, B, C and D of the transmission system 
are available again at the outputs 44 to 47 of the block 
encoding arrangements. 
,^ 25 From the time-sequence diagrams shown in Figures 

J 3b, 3c and 3d it will be obvious that the three other 

phase positions result in a different phase pattern- in the 

word synchronizing characteristics K(1) ... K(4). The 

phase difference between the word synchronizing characteris- 

30 tics is not equal to 0 degrees, as it is at the transmitter 
side I of the transmission system. In all these three cases 
the demultiplexer 11 and the multiplexer 6 are not mutually 
in synchronism. 

In the time-sequence diagram of Figure 3b the 

35 synchronizing characteristics K{1) and K(10) have a time 
lead relative to the other synchroniaing character is tics 
K(2) to K(4) and K(20) to K(40), respectively. In the time- 
sequence diagram of Figure 3c the synchronizing characteris- 
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tics K(1) and K(2) lead the synchronizing character is tics 
K(3) and K(4). The synchronizing characteristics K(10) and 
K(20) likewise have a time lead relative to the characteris- 
tics K(30) and K(40). In the time-sequence diagram of Figure 
3d the synchronizing characteristic K(4) has a time lag 
relative to the other characteristics K(1) to K(3). The 
characteristic K(40) likewise lags the other characteris- 
tics K ( 1 0) to K (30) . 

The phase positions as shown in the Figures 3b to 
3d are detected by means of the phase comparator arrange- 
ment 16, whereafter a control signal is applied to the 
divide-by-4 divider 15 for establishing synchronization 
between the multiplexer 6 and the demultiplexer 11 • When 
the phase comparator 16 detects a phase position as shown 
in Figure 3ar the original digital signal streams A, C 
and D are then again available in the appropriate sequence 
at the outputs 4 4 to 47) of the block decoding arrange- 
ments 12 to 15 and no control voltage Is applied to the divi- 
de-by-4 divider 19. 

When the phase comparator 16 detects a phase po- 
sition as shown in Figure 3b, the divide-by-4 divider 19 
will operate once only as a divide-by-3 divider with the 
aid of the control signal produced by the phase comparator 
16. This is shown in greater detail in Figure 4b. S(2) de- 
notes the content of the demultiplexer 11 at the instant at 
which it is read in parallel. If now, in response to the 
control signal produced by the phase comparator 16, the 
divide-by-4 divider produces a write pulse once after three 
clock pulses which correspond to the symbols d2,c2,b2, the 
content of the demultiplexer 11 will be equal to S(20) after 
the next four clock pulses. The symbols a3 , b3 , c3 and d3 
are now. stored in the appropriate memory locations at the 
instant at which they are read in parallel, see Figure 3b. 
The demultiplexer 11 is now in synchronism with the multi- 
plexer 6. The original digital signal streams A, B, C and D 
are then agains available in the appropriate sequence at the 
outputs 44 to 47 of the block decoding arrangements 12 to 
15. 



PHN 1 1 .425 



0 206 409 



When the phase comparator detects a phase position 
as shown in Figure 3c, the divide-by-4 divider 19 will operate 
once as a divide-by-2 divider with the aid of the control sig- 
nal produced by the phase comparator 16. This is shown in 
greater detail in Figure 4c. S(3) denotes the content of 
the demultiplexer 1 1 at the instant at which it is read in 
parallel. If now, with the aid of the control signal produced 
by the phase comparator 16 the divide-by-4 divider pro- 
duces a write pulse once after two clock pulses which cor- 
respond to the symbols d2 and c2, the content of the de- 
multiplexer 11 will be equal to S(30) after the next four 
clock pulses. The symbols a3, b3 , c3 and d3 are now stored 
in the appropriate memory locations of the multiplexer 11, 
at the instant at which they are read in parallel, see Fi- 
gure 3c. The demultiplexer 11 is now in synchronism with the 
multiplexer 6. The original digital signal streams A, B, c' 
and D are then again available in the appropriate sequence at 
the outputs 4 4 to 4 7 of the block decoding arrangements 12 
to 15. 

When the phase comparator 16 detects a phase po- 
sition as shown in Figure 3d, the divide-by-4 divider 19 
will operate once as a divide-by-1 divider with the aid of 
the control signal produced by the phase comparator 16. This 
is shown in greater detail in Figure 4d S(4) denotes the 
content of the demultiplexer 11 at the instant at which it 
is read in parallel. If now, with the aid of the control 
signal produced by the phase comparator 16 produces a 
write pulse once after one clock pulse which corresponds to 
the symbol d2, the content of the demultiplexer 11 will be 
equal to S(40) after the next four clock pulses. The 
symbols a3 , b3 , c3 and d3 are now stored in the appropriate 
memory locations of the multiplexer 1 1 at the instant at 
which they are read in parallel. The demultiplexer 1 1 is 
now in synchronism with the multiplexer 6. The original 
digital signal streams A, B, C and D are then again available 
in the appropriate sequence at the outputs 44 to 47 of the 
block decoding arrangements 12 to 15. 

During the synchronizing phase the word synchro- 
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nization in the block decoding arrangement is temporarily 
lost. The word synchronization is not restored until the 
symbols a to d, reference 6, have passed the input of the 
demultiplexer 11. 

5 Because of the fact that the block coding arrange- 

ments 1 to 4 and the block decoding arrangements 12 to 15 
are operated at an N times lower symbol rate it is possible 
to integrate said arrangements, in spite of the high line 
symbol rate of the transmission system. In addition the 

"•O described multiplexing method renders it possible to have 
all the signal processing operations, such as scrambling, 
justifying, line-coding, error-monitoring and word synchro- 
nization effected at an N times lower symbol rate. The 
multiplexer 6 and the demultiplexer 11 can be realized with 

15 the aid of a simple parallel/series converter and a simple 
series/parallel converter. It is also not necessary to add 
frame words and prolonged frame synchronization techniques. 

Figure 5 shows an embodiment of a block decoding 
arrangement. It comprises an input shift register 30, a buf- 

20 fer 31, a decoder unit 32, an output shift register 33 and 
a word synchronizer 34. With the aid of the 168 MHz clock 
signal present at the clock input 36 a word having 6 binary 
symbols is written into the series register 30 via the in- 
put 35; see, for example. Figure 3a the word a-j...ag. The 

25 word synchronizer 34 produces, after detection of the syn- 
chronization characteristic K(40), a pulse in response to 
which the content of the series register 30 is transferred 
to the buffer 31 . Said word synchronizing characteristic is 
also applied to an input of the phase comparator 16 via the 

30 line 40. Using the decoder unit 32, the word having 6 binary 
symbols is converted into a word having 5 binary symbols 
which is applied in parallel to the output register 33. 
This output register is read with the aid of ' the 140 MHz 
clock signal present at the clock input 37. The original 

35 digital signal stream is available again at the output 44- 
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1 . A higher order digital transmission system in- 

cluding a multiplexer having N parallel inputs and a digi- 
tal demultiplexer having N parallel outputs for transmitting 
N mutually synchronized digital signal streams through a 

5 common digital path between said multiplexer and said 

demultiplexer, where 2 and the multiplexer being arranged 

■) for cyclically and symbol-sequentially interleaving the di- 

gital signal streams to form a composite digital signal 
stream, the transmission system including at least a block 

10 encoding arrangement and at least a block decoding arrange- 
ment, characterized in that each of the N digital signal 
streams is applied to one of the parallel inputs of the 
multiplexer via a block encoding arrangement, that the N 
digital signal streams are entered synchronously into the 

"^5 block encoding arrangements under the control of a common 
clock signal and/ in the respective block encoding arrange- 
ments are provided with a word synchronizing characteristic, 
that the parallel outputs of the demultiplexer are each con- 
nected to the input of a block decoding arrangement; that 
C:-'' 20 the signals applied to the parallel output of the demulti- 

plexer are entered into the respective block decoding arrange- 
ments under the control of the clock signal recovered from 
the composite digital signal, that the outputs of the block 
decoding arrangements are each connected to a signal output 

25 of a transmission system, that in a phase comparator arrange- 
ment the word synchronizing characteristics of the block 
decoding arrangements are compared with each other, where- 
after as a function of the phase . differences measured be- 
tween said word synchronizing characteristics the phase of 

30 the read clock is controlled such that thereafter the block 
decoding arrangments display the word synchronizing cha- 
racteristic3 with the mutual phase differences produced 
at the transitritter end. 
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